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SUMMARY OF DARWIN SLIDES ~ BUILDING RESEARCH BTATION COLLECTION

GENERAL VIEWS OF DAMAGE
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View of oontml cityi area, lLarger commercial buildings generally performed
 well with the main damage being to rooﬁng, where metal dacking was und,
and to windows. 5

Moderately damaged residential area - ‘ Larrakeyah., The percentage of intact
houses is much higher than the average over Darwin, Location ina daprcssion

normal to the wind was probably & factor in their survival,

View typical of the most seriously damaged areas. In this ‘instance the clear

fetch in the middle backgrmd may have been a contributing fa.ctor to damage
in the foregrmmd

Heavily damaged houses in Northern suburbs.

View in worst damaged suburb of Nakara, Less than 2 years old, nearly 1004 -

of all houses in this ares were damaged beyond repair,

BEHAVIOUR OF LARGER BUILDINGS
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The majority of larger bnildinsao especially those containing a sisnirioant
engineering input, perfnrmed Welle

Travelodge Hotel demonstrates fypiéal behaviour of large multi-storey
buildings, Stmotmlr frame is undamaged, Damage to windows was mainly _
confined to‘ those a.djaoont' {10 corners. Damgaalno ‘ocourred to metal deck
roofing and to infill brick wall cladding.

Darwin High School. Schools performed well, even in areas where housing
perforned very badly, and they became major cemtres of relief, Darwin HS
was located on a oliff top overlooking the sea, Engineering input in the =
design of schools was high, : at 8

Group of industrial steel framed metal clad industrial buildings showing
typical performance. This most commonly involved 'blowing in of doors and
loss of a smll amount of roof oladding Bt ends of h:ﬁ&ng and al.ong ridges.
examples of all of which can be seen in this slide,
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10.

11.

12,

13.

14.

15

16,

Steel framed industrial building which completely oollapsed, This was one of
4 identical buildings which collapsed, The main cause of the collapse appeared
to be inadequate attention to instability of the light guage cold formed
sections which formed the roof members of the main frames.

Community College lecture building showing collapse of 1st Floor level
structure on the windward side. It consisted of reinforced conocrete columns
contimous with the ground floor colwms and 1st floor beams, supporting a
light metal roof through a light truss spamming from the top of the order
colwms to the inner columns.,

S8ame building as in slide 10 taken inside adjacent wing where the failure had
commenced but collapse had not ococurred showing buckling of the bottqm chord
of the truss at mid span which it is boi:leved triggered off the collapse

shown in slide 10. I{ appeared that the bottom chord had not been designed for
wind compression buckling it being assumed that 4f this ocourred it would be
elastic and recover following t_ho go.st..

Saw tooth structure which failed in the windward bay as shown.

Same building as in slide 12 showing trusses buckled downvards, It is
believed that this wae the primary failure and that the infill masonry wall
collapsed subsequent to it.

School Assembly hall showing loss of roof and wall claddings, Such failures
were nowhere near as common &g larger buildings as they were on houses.

Steel framed industrial structure showing end bay failure as a result of
buckling of purlins in the end two bays, The purlins were required to
transmit the end loads (the main wind wes incident on the end wall) through
two bays in order to be picked up by the oross bracing in the walls and to
support the roof loads. It is believed a combination of these loads led to
the failures |

Steel framed industrial building in which complete failure of the end bay
ocourred, most probably due to the effect described in slide 15. In this
instance the cross bracing was in the end bay. The failure of the end bay led
to the rest of the structure relying on the cladding for bracing and the
additional loads this impomed on the cladding commections may have been a
factor in the extensive loss of cladding from this building.
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17.

18.
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20,

21,

22,

Failure of cavity brick wall whioch had been used to hold down the roof
using tie rods anchored to approximately 5 £t of brick wall, Uplift had
apparently exceeded dead weight, the wall failed at the anchorage level,
blew imwards and collapsed.

Similar failure to that ‘;n slide 17+ Roof, supported elsewhere by steel
columns anchored to the foundations, was in this ocorner supported by a
brick wall into which it was anchored approximately 5 feet.

Failure of infill eavity brick wall in echool building. A considerable |
number of such failures ocourred in both brick and concrete monry infill

panels,

Oonsequence of failure described in slide 19. o;;-!;ol;uhaea- brick £illed the.
stairwell, Had children been using the stairs to move from the top to the
bottom floor at the time of the collapse the resulis could have been very
tragic. :

0ld magonry building which was also subject to the 1897 cyclone during which
it apparently suffered similar damage, Most buildings of this vintage and
form of construction suffered virtually complete destruction in Tracy to

the disappointment of the hisiorically conscious ocitizens.

Many of the larger government buildings in the ciiy area were provided with
sunshading of which one type is shown in this slide. It appeared that in
general this sunscreening had also provided a considerable degree of
protection o the windows during the cyclone, ‘ v

APARTMENT BUILDINGS AND FLATS

23,

Typical apartment building afier *Tracy', Li\ght metal oclad roofs were blown

away and considerable destruction of the upper floors ocourred. The
remining floors were generally relatively undamaged other than for window
dﬂmg‘.

This apartment building which was comspicuous for its lack of roof damage,
had a concrete roof,
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HOUSING

Housing suffered emormous damage, and its failure was the basic reason for the
magnitude of the disaster and t_hg consequent evaouation of a large proportion
of the population,

It can be classified in 3 groups:

. timber framed high set magonry low set; and others

Timber framed High Set Houses

254

26,
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28,

29.

Typical appearance of a timber framed high set house, It is really a
single storey house on piers, uith u‘bestos clad walls, and corrugated
iron clad roof.

This older style design had steel piers and a hipped roof. Later designs
used ooncrete piers and gable roofs and were mainly rectangular in plan,

General view of a collection of high set homes which survived, largely due
to being in a doproasion normal to the main directions of the wind dnring
the cyclone, A% the time this photograph was taken some of the roofs had
been reclad with corrugated ironm,

Failure of roof oladding only, Over 90% of all houses in Darwin suffered
from a significant loss of the roof ocladding, which was mainly ecorrugated
iron. It was more oomonly tho only significant damage in older houses
such as this one than in umr houses, where loss of roof cladding appeared
10 have such a weakening eftoo-t a8 to lead to turther ta.ilurea.

Yore typical ot newer houses was complete loss of hoth roof and wall
cladding, The failure of the roof cladding appeared to be strongly

influenced by fatigue effects and the failure of the wall cladding appeared

to be strongly influenced by racking, there being a lack of bracing in the
frame itself., Note the windows which have blown ont, freme and all, asa
complete unit due to an almost complete lack of fix:t.ng of the window frames
{0 the timber frame of the house,

Racked freme of newer hoﬁso which was a consequence of loss of cladding
and lack of braeing in the walls,
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32,
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37,

38,
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Complete collapse of timber freme of new high set house.

Result of collapsed high set houses was & tangled mass of debris such ss
shown in this slide boiag mcpoctod by Dr Bob Leicester and
Greg Reardon of CSIRO,

Bdge roof ;mrlin showing norowed fixings tor roof clwdding still in plaoo.
There was sirong evidence that corrugated iron fixing failures were stmgly
influenced by fatigue effects whioh led %o its failure at loudu mach less
than would have been predicted by statio load tests,

y
Recently built high set house showing many signs of failure. Roof cladding
has gone, walls have started to blow in due to loss of roof at roof level,
(The corrugated iron was relisd upon for horizontal bracing of the walls
at reof level), and concrete piers have failed at foundation level due to
lack of bracing, i ' 0

Failure of infill block walls between piers whioch wers expected to provide
braacing of piers, Laclc ut reinforment and contimuity with piem was
probable cause of these failures whioh were common in high set construction,
Tumber of failures of piers was however small probably because of

(1) bracing effects of stairs, and (ii) failure of top half of house
reducing wind loads on the piers,

Some older type high set homn.' In gomral older homes performed better due
primarily to better bracing, Hip roofs were mich more common in this group
and contributed significantly to the bracing.:

The piers collapsed on this older homes siniia;r' failures on newer homes
tended to lead to complete collapse of the house, '

Houses olad extermally with ribbed metal cladding performed better than
average, apparently due to better ability to withstand delris impact, and
better fastening of cladding to timber frame.

This high set home bad been strengthened by the provision of external battens
on top of the roof cladding which were tied down at ends. Govermment
approval had been received just prior to the cyclone for all Covernment

owned older houses to be strengthened in this maxmer in the belief that

older houses were at greater risk from typical cyoclones}




blown in. The fact that the rooi’ withstood the additional forces this
would have imposed indicated that the strengthening had probably played a
significant part in the survival of this house,

MASONRY LOW SET HOMES

40, The most common single storey homes consimted of cavity brick walls on a
conorete floor, supporting & timber framed corrugated iron clad roof,
The older houses of this type were typified by this slide, Hip roofs were
common supported on a concrete ring beam on the top of the brick walls
which was tied into tho brick walls at the eomru‘. As a group these
survived better than any other major class of hmo, the most common damage
being partial loss roof olad.ding ag shown in this slide,
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41+ A relatively common ai@.t 1:1 areas of mixed honsing was of the older low
2121 - set masonry homes reminiug intact unmundtd by the wreckage of the
; neighbouring high set houses.

, 42, Older low set masonry home with complete loss of roof cladding. Gable
5.29 roofed houses of this type 4id not perform as well as similar houses with

hipped roofs owing to the reof providing less support to brick walls which
because of the large u:lndow Gpanings were dependent on support at roof
level, There were a mnn‘ber of cases of end ua.ll failurea of this type of
building. ;

i 43.  Recently 'built masonry hmua with a tiled mr. ‘Tiles performed no better

e than corrugated iron, : g

44, Older masonry house uhmd.ng widonoa of lmmg of ring beam due to roof i
ciad ' ‘uplifts, Note orack in wall approx 50" down where ring beam had been '
anchored into the cavity b;ri.ck wall,

45. Recent low set btriok homes of standard construction performed very poorly.
Flat roofs and gable roofs were used almost exclusively with a bond beam
6.36 along the top of the two supporting walls only and not tied down to the
walls. Roofs tended to 1ift off as shown in this slide followed by collapse
of the unsupported briok walls which were themselves weakened from earlier
designs by the use of & mch larger cavity.
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46. Another view of recently built ocollapsed monry home,

47« Another view of s similar ra.ﬂu_ﬁ.

OTHER HOUSES

Because of the rapid growth of Darwin in recent years there had bheen some
encouragement to indusirialised systems built housing, By and large this
performed better than the traditiomal housing probably dus to the greater
engineering input requirod in their design before they would be acoepted hy the
authorities. ;

48, JModular concrete _oonatmotion; The ma jor failure of these houses was in the
roof, unsecured concrete slabs being dislodged 'by the wind,

49, ‘Timber panel wall oomtrnotion. A propriat&ry systom, this house suffered
considerable damage. Imﬁi@tiom! ghowed that although there were
designs for typical oyclons prone areas, the local licensees of the mysiem
were unaware of them a-nd were ueing designs dwelopad for the southern
part of Australia, L

50, All metal prcrabrioa.ted units genomlly porfomd very well, These
were tempotary claaurooms at & schools Similar nn:\.ts were in use as
accommodation at the honpital and a school a.nd perfomod equally well,

51, Among the toddities' of the oyclom this old -'etnm eottag'o survived
remrikably well despite boing on the sea front. Xron clad walls and roof,
protection from the tm lnd 1'!:8 small siu, no doubt all contributed teo
its survival, : ' -

52, ‘“Futuristic’ house did mot perform so well, This fitre glass flying
saucer shaped building came apari at circumference where minimal oonmetions
were placed, Apparently doaimra believed tha.t its shape made it
innnsitivo to wind aotiont ‘
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